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(54) Optical sensor unit and procedure for the ultrasensitive detection of chemical or biochemical 
analytes 



(57) This document describes an optical sensor unit 
and a procedure for the specific detection and identifi- 
cation of biomolecules at high sensitivity in real fluids 
and tissue homogenates. High detection limits are 
reached by the combination of i) label-free integrated 
optical detection of molecular interactions, ii) the use of 
specific bioconstituents for sensitive detection and iii) 



planar optical transducer surfaces appropriately engi- 
neered for suppression of non-specific binding, internal 
referencing and calibration. Applications include the de- 
tection of prion proteins and identification of those bio- 
molecules which non-covalently interact with surface 
immobilized prion proteins and are intrinsically involved 
in the cause of prion related disease. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an optical sensor 
unit and to a procedure for accurate and ultrasensitive 
detection of chemical or" biochemical analytes. An opti- 
cal sensor unit is described combining several unique 
parts including a laser light source, an optical detection 
module, and an integrated optical transducer chip. The 
optical transducer chip consists of a disposable carrier 
substrate coated with a waveguiding layer onto which 
sensing biomolecules are bonded in pattern fashion, 
said sensing biomolecules being capable of interacting 
with chemicals or bio-molecules of an analyte solution 
to induce changes in the effective refractive index. 

More particularly, the invention relates to the detec- 
tion of prions and prion binding molecules in pico- to 
femto-molar concentrations with the help of antibodies, 
preferably monoclonal, allowing specific detection of 
disease-specific prion proteins on surfaces engineered 
for low non specific binding of bioconstituents. Con- 
versely, the biosensor is applicable to identify ligands to 
prion proteins if instead of the monoclonal antibodies, 
recombinant or highly purified PrP is bonded to the op- 
tical chip by a one-step procedure, which can be per- 
formed even by those not skilled in the art. 

More generally, the sensor and the procedure ac- 
cording to the invention facilitates ligand screening of 
chemical and biochemical libraries 

BACKGROUND OF THE INVENTION 

As the detection of prions and prion binding mole- 
cules is at this time of upmost importance for diagnosing 
and treating prion related diseases, this aspect will 
serve as guideline for the description of the invention. 
For a better understanding the abbreviations used here- 
inbefore and hereinafter are the following : 



BSA 

BSE 

CJD 

EDTA 

G PI -anchor 

HEPES 

IO 

PBS 

prion 



PrP 



bovine serum albumin 
bovine spongiform encephalopathy 
Creutzfeldt- Jakob disease 
ethylenediaminetetraacetic acid 
glycolipid-anchor which "ties" PrP to the 
outer monolayer of the cell membrane 
hydroxyethyl-piperazineethane sulfonic 
acid 

integrated optical 
phosphate-buffered saline 
proteinaceous infectious particle; the in- 
fectious agent of prion diseases, sup- 
posedly consisting at least of PrP^ and 
maybe another (other) yet unknown mol- 
ecule^) 

prion protein; refers to the common ami- 
no acid sequence rather than to a distinct 
conformation of two prion protein isofor- 
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PrP c a normal host prion protein of unknown 

function; apparent molecular weight 
33-35 kDa, same amino acid chain, and 
same glycosylation at two asparagine 
residues as PrP Sc . This prion protein is 
after proteinase K treatment fully digest- 
ed. 

PrP Sc the disease-specific, abnormal isoform of 

PrP c , with the same amino acid chain, 
apparent molecular weight 33-35 kDa, 
glycosylated at two asparagine residues, 
is after proteinase K treatment shortened 
to a 27-30 kDa C-terminal fragment. Spe- 
cies-specific PrP Sc isoforms may term: 
human PrP Sc (instead of PrP CJD ), bovine 
PrPSc (instead of PrP BSE ) etc. 

rb PrP recombinant bovine prion protein (amino 

acids 25 to 242 of the bovine PrP gene) 
expressed in E. coli comprising the bo- 
vine PrP open reading frame except for 
the N -terminal signal sequence and the 
C-terminal GPI-anchor sequence; both 
are cleaved off during cellular process- 
ing. Since this protein is not glycosylated 
it has a molecular weight of 23 kD. 

SPOT smart planar optical transducer 

The references to the prior art reported hereinafter 
will be termed by the name of the first author and the 
publication year as mentioned below : 

Basler, K.. Oesch, B., Scott, M,, Westaway, D., Wal- 
chli, M., Groth, D.F., Mc Kinley, M. P, Prusiner S B., 
and Weissmann, C. (1986). Scrapie and cellular 
PrP isoforms are encoded by the same chromo- 
somal gene. Cell 46, 417-428. 

Borchelt, D.R., Scott, M., Taraboulos, A., Stahl, N., 
and Prusiner, S.B. (1990). Scrapie and cellular pri- 
on proteins differ in their kinetics of synthesis and 
topology in cultured cells. J. Cell Biol. 1 1 0, 743-752. 

Bueler, H., Fischer, M., Lang, Y., Bluethmann, H., 
Lipp, H P, DeArmond, S.J., Prusiner, S.B., Aguet, 
M., and Weissmann, C. (1992). Normal develop- 
ment and behaviour of mice lacking the neuronal 
cellsurface PrP protein. Nature 356, 577-582. 

Dubendorfer, J., Kunz, R.E., Mader, E., Duveneck, 
G.L and Ehrat, M. (1996) "Reference and Sensing 
Pads for Integrated optical Immunosensors," Proc. 
SPIE, Vol. 2928, 90-97. 

Gao, H., Kisling, E., Oranth, N., and Sigrist, H. 
(1994). Photolinker-polymer-mediated immobiliza- 
tion of monoclonal antibodies, F(ab') 2 and F(ab') 
fragments. Biotechnol. Appl. Biochem. 20, 
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251-263. 

Gao, H.. Sanger. M., Luginbuhl, R.. Sigrist. H.. Im- 
munosensing with photoimmobilized immunorea- 
gents on planar optical wave guides. Biosensors & $ 
Bioelectronics 10 (1995) 317-328. 

Heding. A.. Gill, R.. Ogawa, Y., De Meyts. R Shym- 
ko. R.M. (1996). Biosensor measurement of the 
binding of insulin-like growth factors I and II and 10 
their analogues to the insulin-like growth factorbind- 
ing protein-3. J. Biol. Chem. 271. 13948-52. 

Kitamoto, T., Mohri, S., and Tateishi, J. (1989). Or- 
gan distribution of proteinase-resistant prion protein is 
in humans and mice with Creutzfeldt-Jakob dis- 
ease. J. Gen. Virol. 70, 3371-3379. 

Korth. C , Stierli. B., Moser, M., Streit, P., Oesch, B. 
(1997) Immunological detection of prions. Europe- 20 
an Patent application No. 97102837.8. 

Kunz R.E., "Process and device for determining 
quantities to be measured by means of an integrat- 
ed optical sensor module", U.S. Patent No 25 
5,442,169. 

Kunz R.E., "Integrated Optical Sensors based on 
Hard Dielectric Films on Replicated Plastic Sub- 
strates", Proc. 8th Eur Conf. Integrated optics 30 
ECIO,97, Stockholm, Sweden, April 2-4, 1997. pp. 
86-93. 

Kunz, R. E. (1996). "Integrated Optical Modules for 
Chemical and Biochemical Sensing". Bulletin of the 35 
Swiss Microtechniques Association (ASMT) 20, 
48-53. 

Kunz, R.E, and Dubendorfer, J. (1995). "Miniature 
Integrated Optical Wavelength Analyzer Chip". Op- -*o 
tics Letters 20, 2300-2303. 

Kunz, R.E., and Dubendorfer, J. (1996). "Novel Min- 
iature Integrated Optical Goniometers". Proc. EU- 
ROSENSORS X, Conference on Solid-State Trans- *s 
ducers 3, 905 - 908. 

Kunz, R.E., Duveneck, G., and Ehrat, M., (1994). 
"Sensing Pads for Hybrid and Monolithic Integrated 
Optical Immunosensors", Proc. SPIE 2331 r 2-17. so 

Kunz, R.E., Edlinger, J., Sixt, R, and Gale, M.T. 
(1 995) Replicated Chirped Waveguide Gratings for 
Optical Sensing Applications. Sensors and Actua- 
tors 47, 482-486. 55 

Kurschner, C. and Morgan, J.I. (1995). "The cellular 
prion protein (PrP) selectively binds to bcl-2 in the 



yeast two-hybrid system. Molecular. Brain Re- 
search. 30. 165-168. 

Lukosz. W. and Tiefenthaler. K. . "Directional switch- 
ing in planar waveguides effected by absorption -de- 
sorption processes." I EE Conf. Publ. 227. 152-155 
(1983). 

Oesch, B. (1994). "Characterization of PrP binding 
proteins". Philos. Trans. R. Soc. Lond. B. Biol. Sci. 
343, 443-445. 

Oesch. B., Westaway.. D., Walchli, M., McKinley, M. 
P., Kent, S B., Aebersold, R.. Barry, R.A., Tempst, 
P., Teplow, D.B., and Hood, LE. (1985). "A cellular 
gene encodes scrapie PrP 27-30 protein". Cell 40, 
735-746. 

Oesch, B., Teplow, D.B., Stahl, N., Serban, D., 
Hood, L.E., and Prusiner, S.B. (1990). 'Identifica- 
tion of cellular proteins binding to the scrapie prion 
protein". Biochemistry 29, 5848-5855. 

Serban, D., Taraboulos, A., DeArmond, S.J , and 
Prusiner S.B. (1990). "Rapid detection of Creut- 
zfeldt-Jakob disease and scrapie prion proteins". 
Neurology 40. 110-117. 

Stahl, N., Baldwin, M.A., Teplow, D.B., Hood, L, 
Gibson, B.W.. Buriingame, A.L, and Prusiner S.B. 
(1 993). "Structural studies of the scrapie prion pro- 
tein using mass spectrometry and amino acid se- 
quencing". Biochemistry 32, 1991-2002. 

The disease-specific forms of the prion protein 
(p r psc p r pBSE) are p ar t 0 f the infectious particle caus- 
ing transmissible neurodegenerative diseases like 
scrapie in sheep, bovine spongiform encephalopathy in 
cattle or Creutzfeldt-Jakob disease in humans. PrP Se as 
well as PrP BSE differ from the normal cellular prion pro- 
tein (PrP c ) by their relative protease resistance (Oesch, 

1 985) . The molecular changes leading to this difference 
in physicochemical properties are unknown. Protease- 
resistant PrP Sc and infectivity to date have not been 
separated, leading to the proposal that the infectious 
particle would be composed of specifically altered PrP 
molecules. The primary amino acid sequence of PrP Sc 
is identical to that predicted from its cDNA sequence or 
genomic nucleic acid sequence (Stahl, 1993) and the 
infectious particle does not encode an altered PrP gene 
(Oesch, 1985). In cell culture, PrP c is converted into 
PrpSc posttranslationally (Borchelt, 1990). However, no 
differences in covalent modifications of PrP Sc and PrP c 
were observed by mass spectrometry (Stahl, 1 993). The 
lack of a molecular explanation for the observed differ- 
ences between PrP Sc and PrP c led to the proposal that 
the PrP isoforms differ in their conformation (Basler, 

1986) . The relative protease resistance of PrP Sc , e.g. 
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PrP c being fragmented by proteinase K and PrP Sc being 
partially resistant to the action of proteinase K. is at this 
time the usual way to distinguish the two forms of PrP 
(Serban, 1990). 

PrpSc i S currently detected by Western or dot blot- 
ting. After protease digestion, the molecular weight of 
PrP Sc is reduced from 33-35 kDa to 27-30 kDa (PrP 
27-30). This characteristic change in molecular weight 
is detected by Western blotting and serves as a hallmark 
of PrP 50 . As an alternative. PrP 27-30 can be detected 
on dot blots (Oesch, 1994; Korth, 1997). Native PrP 
27*30 is not recognized by antibodies, whereas the de- 
natured form of the protein interacts with antibodies. 
(Serban, 1990). Circumstantial evidence indicates that 
the epitopes in PrP c and PrP 30 differ in accessibility. 
Previously, it has been attempted without success to 
generate antibodies which specifically recognize PrP 50 , 
thus limiting the immunological detection methods to 
procedures including denaturation of samples prior to 
detection. However, (Korth, 1997) described mono- 
clonal antibodies (see below) that do allow detection of 
native PrP Sc and, specifically, PrP BSE . 

A receptor for PrP transducing biological effects of 
PrP has not been found yet. Until now, various proteins 
have been shown to interact with PrP: glial fibrillary acid- 
ic protein (GFAP); (Oesch, 1990), bcl-2 (Kurschner, 
1995). All of these proteins are intracellular proteins 
which contrasts with the cell surface location of PrP. 
Even though there may be a role for these PrP binding 
proteins, in particular bcl-2, in the neurotoxic effects of 
PrP Sc it is postulated that a cell surface protein should 
exist which binds to PrP. Despite the scientific investi- 
gations summarized above, there is still a need for a de- 
tection system which impairs as little as possible the 
conformation of the molecules or biomolecules to be de- 
tected. 

Indeed, known analyte detection techniques have 
their limitations in terms of sensitivity and quantification, 
the procedure involving several steps, the necessity of 
detection of labelled components and the overall dura- 
tion of the test procedure. 

With the present invention, these shortcomings are 
overcome by the use of biosensors which allow the reg- 
istration of molecular interactions at the surface of inte- 
grated optical chips. The basic principle of these biosen- 
sors is to measure the change in the effective refractive 
index for the guided waves on an optical chip when a 
ligand interacts non-covalently with molecules bonded 
to the surface of the respective chip. The specificity of 
the interaction is ascertained by the use of molecules 
such as antibodies immobilized on the surface of inte- 
grated optical chips. The described PRP BSE biosensor 
detection system is based on an optical transducer in 
combination with miniature integrated optical sensor de- 
vices. Optical waveguide sensing provides the features 
of exceptional high sensitivity and label free detection 
of anatytes within the evanescent field of incoupled laser 
light. Requirements for high selectivity, reduction of non- 



specific binding and multiple sensing on a single 
waveguide surface are accomplished by appropriate 
sensor surface bioengineering combined with multido- 
main photobonding. The use of multidomain analysis on 

s integrated optical chips dramatically simplifies the in- 
strumental features of the detection system. Multido- 
main analysis on a single chip enables integrated cali- 
bration and referencing. The described prion detection 
system in combination with unique monoclonal antibod- 

'0 ies is used to detect PRP BSE with high sensitivity and 
high speed. It allows to screen large numbers of sam- 
ples. 

With the same detection system, on the other hand, 
biomolecules interacting with PrP can be identified. For 

is this purpose, instead of covalently bonding monoclonal 
antibodies to PrP, rb PRP or highly purified native PrP, 
PrP c or PrP 50 is immobilized on the surface of the optical 
chip. Since applied detection principles do not require 
labelling of a probe, it is exquisitely suited to search for 

20 (an) elusive "PrP receptor(s)" which is (are) currently un- 
known but postulated to be essentially involved in the 
modulation of PrP function as well as in the infection of 
cells by prions. 

The described biosensor system further suits the 

25 screening of chemical libraries in search for potential lig- 
ands which interact with molecules bonded to optical 
chips. For example, PrP bonded on an optical chip al- 
lows to screen for chemical ligands capable of prevent- 
ing neurotoxic and infectious properties of prions. 

30 

OBJECT OF THE INVENTION 

It is the object of the present invention to overcome 
the drawbacks and failures of prior art like complex mul- 

35 tistep procedures, limited sensitivity, necessity of label- 
based analyte detection and necessity of sophisticated 
equipment. These limitations are addressed in the 
present invention, which provides an accurate and ul- 
trasensitive detection system for biological ligands, es- 

40 pecially prion proteins and proteins which interact with 
prion proteins, to be used in the diagnosis of prion dis- 
eases, or any other biological state involving detection 
of molecules in biological fluids or tissue homogenates 
and requiring high sensitivity. 

45 

SUMMARY OF THE INVENTION 

The present invention describes a novel sensor sys- 
tem which is able to detect and quantify pico- to femto- 

so molar concentrations of chemicals or bio-molecules in 
analytes of biological origin in real fluids. Analytical lim- 
itations of hitherto systems are overcome by combining 
the exceptional sensitivity of a new design for simplified 
integrated optical detection on disposable sensor chips 

55 with the intrinsic specificity of sensing bioconstituents 
and photobonding and biopattem technologies enabling 
both array detection and integrated calibration. Teach- 
ings include the design of the biosensor system and its 
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essential components, the design and fabrication of mul- 
ti-array biosensor chips and the preparation and charac- 
teristics of high-affinity disease-specific bioconstituents. 
General use of the biosensor system for on-site applica- 
tion is exemplified with the detection of PrP BSE in ho- s 
mogenates of brain and the detection of molecular com- 
ponents participating in prion related diseases, e.g. iden- 
tification of PrP BSE binding biomolecules. 

The present invention concerns the layout and de- 
scription of the modular system components of the an- io 
alytical instrument. In its final form, the instrument is 
portable and at least consists of a laser light source, an 
optical detection module and an integrated optical trans- 
ducer chip. This instrument can be extended with an ef- 
fector system, such as a fluid handling system for allow- is 
ing the selection of individual samples, solvents or 
washing solutions, and with an appropriate computer- 
tike component for data storage, processing and pres- 
entation. 

Sensor pad illumination is achieved by directing the 20 
radiation from sources such as laser diodes in the red 
or near infra-red wavelength region (e.g. Sharp 
LT026MDO. X = 785 nm), either directly or via optical 
fibers. The optical output signal is detected by one- or 
two-dimensional detector devices, such as charge cou- 2s 
pled devices (CCDs), photodiode arrays (PDAs), such 
as Hamamatsu S5463, or position sensitive devices 
(PSDs). The signal is evaluated and stored in digitized 
form and prepared for transmission to the computer 
component, e.g. RS232 interface. 30 

In a preferred embodiment, the optical transducer 
chip consists of a high refractive index dielectric 
waveguiding film (e.g. Ti02. Si 3 N 4 , mixtures of Ti0 2 and 
Si 3 N 4 , Ta 2 0 5i Zr0 2 , Hf0 2 , Nb 2 0 5 ), coated on a previous- 
ly structured substrate (e.g. polycarbonate or polysty- 35 
rol). The substrate is structured with (chirped) grating 
pads by means of procedures, as e.g. hot-embossing 
or injection moulding. The grating pads fulfill the tasks 
of coupling the light into the waveguiding film, of on-chip 
signal generation and of coupling the light out of the -to 
waveguide and directing it to the detector. A typical size 
of one sensor pad is in the order of a few mm 2 . Arrays 
of sensor pads can be accomplished by placing several 
pads next to each other. Using sensor pad arrays is ad- 
vantageous for chemical multicomponent analysis and **s 
on-chip referencing. Preferred shapes of the biosensor 
chip are rectangular (card) or circular (disc). If the trans- 
ducer is in the form of a disc, the disc is rotated on a 
central axis and contains optical on-chip elements for 
speed control and pad-specific information (e.g. posi- so 
tion, sensing layer etc.). In the disc format, the sensing 
pads are arranged in concentric circles or in spiral ar- 
rangements. Either each pad is addressed consecutive- 
ly, or several, or all pads can be interrogated in parallel 
by means of single or multiple beam illumination, e.g. 
by means of light source and detector arrays. 

The sample holder consists either of an open cell 
allowing manual sample application, or it consists of a 



closed cell with tubings (e.g. Teflon. Peek) and a suitable 
liquid handling system. 

The present invention concerns further a process 
for chip surface engineering including bonding of bio- 
molecules. such as PrP. monoclonal or polyclonal anti- 
bodies, mixtures of monoclonal antibodies or other pro- 
teins which recognize specific epitopes on the target 
proteins (e.g. PrP). In a preferred embodiment, these 
proteins or antibodies are covalently immobilized on the 
waveguiding surfaces by means of photolinker polymer 
mediated photobonding or by oriented immobilization of 
analyte recognizing receptor molecules, genetically en- 
gineered receptor molecules or fragments of analyte 
recognizing immunoreagents through surface grafting 
with e.g. Afunctional photoactivatable maleimides. As 
an alternative, antibodies or other proteins are immobi- 
lized on the chip surface by absorption. 

The present invention concerns further the process 
of engineering of the optical transducer surface with 
sensing biomolecules appropriate for analyte detection. 
Using mask-free or mask-assisted patterning proce- 
dures, the individual pads on the optical transducer sur- 
face are individually functionalized with selected mole- 
cules and varying compositions of biomolecules. For 
referencing, given sets of pads are modified with non- 
specific interacting analogs of the specific anaiyte-bind- 
ing molecules, and on chip referencing is attained by 
sets of pads which provide increasing amounts of spe- 
cific analyte binding molecules. Differential analyte 
binding kinetic data recorded from these calibration 
pads allow on-chip analyte calibration with reference to 
established binding constants. 

The present invention concerns further a process, 
in which non-specific binding of bioconstituents present 
in the analyte fluid is suppressed by surface coating with 
polyethylene glycol, antibodies which do not interact 
with the ligand. polycarbohydrates, carbohydrates pre- 
senting low molecular weight photolinkers, or mixtures 
of the components mentioned. 

The invention concerns further a procedure for ver- 
ifying the proper functioning of the integrated optical 
transducer in situ, before and after each measurement 
by varying the incidence and/or the wavelength of the 
light. 

The present invention concerns further a process in 
which the output signal light of a first optical sensor unit 
can be used to regulate, optionally by means of a com- 
puter, a second effector system and thus allowing the 
automation of biochemical reactions involving many sin- 
gle sequential or parallel steps. 

The present invention concerns further a combina- 
tion of the analytical detection system, the optical bio- 
sensor module bonded with monoclonal antibodies to 
PrP able to detect PrP in a fluid guided to the optical 
sensor unit. 

The present invention concerns further a combina- 
tion of the analytical detection system, the optical bio- 
sensor module with photobonded or oriented immobi- 
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lized P rP able to detect biomolecules which non-cova- 
lently interact with said immobilized PrP. 

The present invention concerns further a process 
for the identification and medical use of those biomole- 
cules which can be detected and identified after non- 
patent binding to surface-bonded PrP if said biomol- 
ecules inhibit the propagation ol PrP destabilization or 
reverse PrP unfolding. 



BRIEF DESCRIPTION OF the nDA.A^i^^ 

■ Figure 1 is a schematic representation of two IO 
sensor system types: (a) conventional arrangement 

Sp a ei;: (b,n0Ve,CWtmin " ,Urede,eCti0n 

- Figure 2 shows in (a) the photolinker polymer me- 
dialed immobilization of biomolecules, where the 
photolinker consists of modified bovine serum albu- 
™ ( ™ SA >' and h (b), a preferred immobilization 
procedure suppressing non-specific bonding; 

■ Figure 3 is a diagram showing the successful bind- 
ing of antibodies 6H4 to immobilized PrP Recom- 
binant bovine PrP was photoimmobilized on sensor 
chips. Incubation with PBS shows the baseline Af- 
ter the addition of antibody 6H4 a change in adlayer 
thickness (Ah,) is observed indicating binding of the 
antibody. A wash with PBS does not reduce the ob- 
served response: 



• Figure 4 shows in (a-c) a miniature sensor chip 
based on a dual pad chirped grating pad structure 
m d a corresponding single chip sensor array and 
m (e) a SPOT in a disc format: 

- Figure 5 shows a compact sensor module prototype 
based on a replicated SPOT chip. 

DETAILED PFSCRIPTION op tut .M. rtmnr , 

SCO n» ' h , 9 '°" owin9 detailed ^scripton the spirit and 
planned ' nV6 b8C0me mor8 clean V ex " 

The monoclonal antibodies 

A monoclonal antibody according to the invention 
is defined as a biomolecule which binds to epitopes of 
prion proteins, whether they are in soluble or insoluble 
form in various tissue specimens, such as homogenates 
or sections of brain, spleen, tonsils, white blood cells or 
others, and body fluids, such as blood, cerebrospinal flu- 

loitol? r" 16 ' ° r °' herS ThS Present mA8s bind to 
ac^s 1 l am ' n ° acids in a ™» « to epitopes of amino 
acids on different loops of the three-dimensional struc- 
ture of natrve PrPs, which are spatially close to each oth- 
er A particular groupof the present antibodies binds on- 



ly to native disease-specific PrPand no. to native normal 
PrP. Particular antibodies, termed 6H4. 34C9 15B3ac 
cording to the invention, are more detailed in (Korth. 

5 The term monoclonal antibody comprises also chi- 
meric monoclonal antibodies having similar properties 
which are derived from different animals, such as hu- 
man/mouse chimeric antibodies or any other chimeric 
molecule comprising Ihe antigen-binding part of the 
monoclonal antibody (idiotype) with other molecules 
such as antibody fragments ol other monoclonal anti- 
bodies or enzymes. 

A fragment of a monoclonal antibody comprising 

he binding part of tne monoclonal an y 

" likewise capable of specifically binding the antigen and 
is termed F(ab) or F(ab') 2 , depending on whether the 
monoclonal antibody is digested with papain or pepsin 
respectively. H<v»m, 

A synthetic antibody or fragments thereof is de- 
signed according to the amino acids or substituted ho- 
mologous amino acids composing the idiotype respon- 
sible for binding the antigen. Homologous amino acids 
are defined as exchanges within the lollowinq five 
groups: 1 . Small aliphatic, nonpolar or slightly polar res- 
idues: alanine, serine, threonine, glycine, proline- 2 Po- 
lar, negatively charged residues and their amides as- 
partic acd, asparagine, glutamic acid, glutamine: 3' Po- 
ar positively charged residues: his.idine, arginine, 
lysine 4. Large aliphatic, nonpolar residues: methio- 
nine, leucine, isoleucine, valine, cysteine: 5. Large aro- 
matic residues: phenylalanine, tyrosine, tryptophan 

The antibodies and fragments thereof are essential 
tools for immunological detection procedures based on 
the binding of the prion protein to the presented mono- 
ctonal antibodies in an antigen-antibody complex The 
monoclonal antibodies of the invention react with re- 
combmant bovine PrP as well as native or denatured 
PrP< and Pr P s= whetner tney am jp so|ub|e ^ 

* PrP f ra m e ri «° n0Cl0nal antib ° dieS react ,urtheron wi 'n 
from d " ,erent s P<*i<*. for example humans, ham- 
sters, pigs, sheep, cattle and mice. 

Anti-idiotype antibodies 

45 h „ 17,9 inVen ' i0n concerns further anti-idiotype anti- 
bodies which are antibodies that bind with the binding 
reffon (idiotype) .0 the binding region of the original 
monoclonal antibody. The anti-idiotype antibody mim- 

» Tp oTrl 0 ' ° ri9inal anti9ea in this case '«*"•« 
of PrPAnti-idiotype antibodies are raised as polyclonal 

antibodies (serum) or monoclonal antibodies from ani- 
mals immunized with the preferred antibodies according 
o the invention. Anti-idiotype antibodies are valuable 
tools ,n detecting and blocking interactions of the origi- 
nal antigen (PrP). particularly interactions with recep- 
tors, and can therefore be used in prevention and ther- 
apy of prion diseases 
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The recombinant bovine prion protein 

The present fragment of the prion protein PrP c was 
purified to a homogeneity of> 98% and is described in 
detail in (Korth, 1997). It can exist either in oxidized or 
reduced form. In the oxidized form, there is a single -S- 
S-bridge whereas, in the reduced form, two SH groups 
are present instead. The oxidized form has a molecular 
weight of 23676.8 kD, and the reduced form 236886.1 
kD. as determined by mass spectroscopy. 

A native prion protein PrP is the prion protein in a 
fully folded state, i.e. the three-dimensional structure is 
present. Only in the native, i.e. folded state, PrP isofor- 
ms are different (normal native vs. disease-specific na- 
tive PrP). 

A denatured prion protein is the prion protein in the 
unfolded state. This is usually achieved by the addition 
of chaotropic substances, such as urea or guanidinium 
hydrochloride. In the denatured state, both PrP isoforms 
are irreversibly the same, even if they have been normal 
native or disease-specific native before. 

An antigen -antibody complex is a physical attach- 
ment of an antibody, or fragment thereof, with the cor- 
responding antigen by intermolecular forces because 
the surfaces match in a unique way. The matching sur- 
face on the antibody is called idiotype and the surface 
on the antigen is called epitope. 

The biosensor chip and module 

A miniature biosensor chip provides a versatile plat- 
form for biomolecule binding, quantitative detection of 
biomolecules and for selective retention of biomole- 
cules. The disposable biosensor transducer chip (figure 
4) consists of a high refractive index dielectric waveguid- 
ing film (F) deposited on a previously structured sub- 
strate (S). The substrate is structured with grating pads 
(G1 , G2) by microstructuring technologies including hot 
embossing or injection moulding. The grating effects ap- 
propriate incoupling of light, signal generation and out- 
coupling of the light. The size of the sensor pads may 
vary from tens of mm 2 to submillimeter dimensions. The 
pads are arranged pairwise or serial, allowing individual 
and group referencing, respectively. The array sensor 
platform is essential for multicomponent analysis and 
on-chip referencing. Preferred shapes of the biosensor 
chip are rectangular (figure 4.d) or circular disc-shaped 
(figure 4 e) forms. Multi-arrays on rectangular platforms 
can be addressed by fibre guided light, originating from 
a single source or from multiple light sources. Disc- 
shaped optical platforms use CD technologies to ad- 
dress individual pads, enabling high repetitive reading 
frequencies and thus, fast kinetic measurements. 

Essential modular components of the instrument in- 
clude the chip holder (figure 5), a fluid handling system 
which provides controlled analyte and buffer through- 
put. The fluid handling system is designed for high an- 
alyte surface interaction and minimal system surface ex- 



posure. Guided light from laser light source (Laser 
Head) impinges on the grated structures (Sensor Chip) 
and generated output signals are recorded by photodi- 
ode arrays (Detector). 

Bonding of biomolecules to the optical transducer 
surface 

Biomolecules are known to interact with material 
surfaces in accordance with the physico-chemical prop- 
erties of the material and the biomolecule surface. Ap- 
propriate surface engineering is introduced in order to 
control the physical processes, enhance uniform bio- 
molecule surface interactions and promote, optionally 
covalent biomolecule binding. Covalent biomolecule 
binding is advantageous since it provides the means for 
extensive washing and thus reduction of non-specific 
binding of system constituents. Non-specific binding 
can be suppressed or prevented by introducing agents 
on the transducer surface which repel biomolecules. 
Polyethylene glycol (PEG), carbohydrates, the polar 
head groups of lipid bilayers, as well as selected protein 
layers may serve to suppress non-specific binding. Pre- 
ferred processes for biomolecule binding are those 
which are technically easy to perform, lead to covalent 
binding and can be utilized for multicomponent binding. 
Photobonding is one of the processes which per se, or 
in combination with microdispensing methods, allows 
addressable printing of biomolecules on individual sens- 
ing pads. Photobonding technologies enable experi- 
mentally easy formation of pad to pad gradients provid- 
ing different biomolecule densities at individual sensor 
pad su rf aces. A preferred method of photobonding is the 
photopolymer mediated immobilization of biomolecules 
with light. The process includes mixing of the biomole- 
cule(s) to be immobilized with a photoactivatable poly- 
mer prior to the deposition on the transducer surface. 
Upon exposure to light, covalent bonds are formed be- 
tween the photopolymer, the biomolecules and the sur- 
face effecting photoimmobilization. A comparable proc- 
ess leads to the covalent bonding of a low molecular 
weight crosslinker to the transducer surface. If photoac- 
tivatable hetero-bifunctional crosslinkers are immobi- 
lized on the surface, the prerequisites are established 
for oriented macromolecule binding. For example, pho- 
tobonding of an aryldiazirinomaleimide crosslinker pro- 
vides a grafted surface to which biomolecules with re- 
active thiol function covalently attach. As an alternative 
to covalent binding of biomolecules to the chip surface, 
they are passively absorbed to the chip surface. Pre- 
ferred conditions are concentrations of 0.5 ug / mm 2 . 

Detection procedure of prion disease with 
biosensors 

An immunological detection procedure for prion dis- 
ease, especially BSE in cattle and scrapie in sheep, 
whereby disease-specific PrP Sc protein in biological 



15 



20 



25 



30 



35 



40 



45 



7 



13 



EP 0 886 141 A1 



14 



material of an animal or human comprises treatment of 
a first probe of said material with a monoclonal antibody 
to PrP and detecting the mixed PrPe/PrpSc-antibody 
complex, treating a second probe of said material first 
with proteinase K and then with the monoclonal anti- 
body, detecting the Preantibody complex and ana- 
lysing the results of both probes. A monoclonal antibody 
termed 1 5B3 is used to detect PrpSc in a p r pSc antjbod 
complex without prior protease-digestion of the tissue 
specimen to be examined. Biological material can be in- 
soluble or soluble, and of any part of the body, e g from 
the brain in which case it is used in form of a homoge- 

nate or tissue sections, or any body fluid, e g cerebro- 
spinal fluid, urine, saliva or blood. In the case of body 
fluids, fluid-resident cells, e.g. white blood cells in the 
case of blood expressing PrP, can be purified and ana- 
lyzed. 

The detection of the Preantibody complex is car- 
ried out on a smart planar optical element. This smart 
planar optical element is covalently coated with the de- 
scribed monoclonal antibodies. Analyte solutions are 
then guided to the sensing area of the chip via an ap- 
propriate fluid system. Analyte binding of the surface is 
recorded by registration of effective refractive index 
changes. 

The present immunological detection procedures 
allow the diagnosis of prion diseases With the tools of 
the present invention, tissue sections, tissue homoge- 
nates or body fluids of prion -infected animals, such as 
BSE-diseased cattle or humans having the CJD, can be 
screened for the presence of the protease-resistant dis- 
ease-specific isoform of the prion protein in its native 
form, be it soluble or insoluble. 

Instead of directly analysing the binding of prions to 
antibodies immobilized on the chip surface, a competi- 
tion assay is described. A protein ligand for anti-PrP an- 
tibodies is immobilized on the chip surface. Tissue ho- 
mogenates or body fluids are incubated with anti-PrP 
antibodies. The mixture is then reacted with the mole- 
cules on the chip surface. Residual free antibodies will 
then bind and elicit a signal. In the case of an animal or 
human with prion disease. Part or all of the antibody will 
already be bound to PrP in the sample, thereby prevent- 
ing the binding of the antibody to the chip surface ef- 
fectively reducing the signal observed with a sample 
from a normal animal or human. Reduction of the signal 
is therefore indicative of prion disease. 



removed from the surface by selected desorption pro- 
cedures. Ligands present in the eluate are identified and 
characterized. 

s Method for screening chemical or pharmaceutical 
libraries for the identification of small compound 
molecules useful for therapy 

Recombinant PrP or highly purified PrP is bonded 
" on the optical chip. Homogenates containing presumed 
ligands are guided through the fluid system onto the op- 
tical chip. Molecules binding to the immobilized recom- 
binant PrP alter the effective refractive index. The 
change of the effective refractive index indicates mole- 
's cule binding. 

Method for an integrated chip able to detect several 
ligands in parallel 

20 Smart planar optical elements are produced as de- 
scribed. Ligands or particularly monoclonal antibodies 
recognizing given molecules are bonded as described 
on these chips on distinct pads. The analyte to be ex- 
amined is guided onto the chip. A laser or several laser 

25 beams are directed to the pads and the system detects 
the change of the effective refractive index at these 
pads. This allows performance of highly sensitive quan- 
titation of various molecule concentrations in a complex 
analyte solution. 

30 

Small portable analytical instrument 



Method for the identification of ligands, especially 
receptors with miniature biosensor chips 

Recombinant PrP is bonded on the optical chip Ho- 
mogenates containing presumed ligands are guided 
through the fluid system onto the optical chip. Molecules 
binding to the immobilized recombinant PrP increase 
the effective refractive index. Non-specifically binding 
bioconstituents are first removed by washing with ap- 
propriate solvents. Specifically binding ligands are then 



The described compact biosensor unit is designed 
as a portable autonomic unit capable of detecting one 
35 type or several types of molecules in analyte solutions 
or body fluids. Arrays of individual sensing areas are bio- 
engineered with different amounts of one type of biomol- 
ecules (intrinsic gradients) or the surfaces contain var- 
ying amounts of several components. The portable an- 
alytical instrument can be used for outdoor or on-site 
testing. 

The following examples serve to illustrate particular 
embodiments of the invention but they should not be 
considered a limitation thereof. The immunological pro- 
^ cedures are outlined for the diagnosis of BSE in cattle 
however, these procedures can also be applied for prion 
diseases in humans or animals, such as sheep ham- 
sters or mice. Furthermore, the described procedure 
can be applied for other diseases of human and animals 
utilizing appropriate sensing biomolecules and ligands. 

EXAMPLES 

Example 1: Design, fabrication and testing of 
5 5 biosensor chips 

Detection of immunological interactions between 
recombinant bovine PrP and monoclonal anti-PrP anti- 
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bodies is accomplished by combining optical waveguide 
detection and light-addressable photobonding. In view 
of the exceedingly small quantities of analytes in test 
samples (10 s to 10 s molecules), biosensor technologies 
must meet the requirements of high sensitivity and low s 
non-specific binding. Designed for routine analysis, the 
detection system preferably consists of few compo- 
nents, fast in response (measuring time in the order of 
minutes or shorter) and suitable for mass production. 
The availability of disposable sensor devices, combined io 
with multiple sensing and referencing pads on a single 
device is advantageous for diagnostic analysis. 

I. Optical waveguide design and fabrication 

15 

To adapt the resolution and dynamic range of the 
sensor chip to the needs of diagnostic application, cor- 
responding substrates are fabricated. The grating struc- 
tures are written by an e-beam pattern generator on 
quartz plates covered with chromium and a thin resist 20 
layer After development, the pattern is transferred into 
the chromium and then by etching into the underlying 
quartz substrate to produce a surface relief grating with 
a depth of 5 to 10 nm. The pattern relief is electroformed 
to a nickel shim from which replicas are fabricated by 2s 
hot embossing into a 250 jam thick polycarbonate foii 
(Rohm Europlex PC 99510). These embossings are 
generally 50x50 mm 2 in size and contain several grating 
regions. The waveguide is then fabricated by depositing 
thin TiO 2 films (typically about 1 60 nm thick) on the pre- 30 
structured substrates by a modified d.c. -magnetron 
sputtering process. After cutting, the chips are glued on- 
to glass substrates for stability reasons. 

New nonlinear chirps of the grating lines are also 
fabricated allowing (at low resolution) highly sensitive 35 
signal analysis. A first layout is designed for a dual pad 
sensor with one sensing and one reference pad. For the 
analysis of complex systems, more than two pads are 
preferable (multichannel and multicomponent analysis). 
Standard industrial processes, as e.g. compact disc -to 
(CD) injection moulding, are preferred chip fabrication 
modes. 

II. Optimization of antibody photobonding in view of 
effective reduction of non-specific binding in real fluids ^5 
(e.g. brain homogenates) 

The experiment described in Figure 3 was carried 
out by photobonding of PrP or anti-PrP antibodies to the 
chip surface by a method simitar to the one described 50 
by (Gao, 1995). Alternatively, in order to maximize the 
density of antibody on the surface, maieimido-anyldiazi- 
nine mediated antibody immobilization procedures were 
applied. To achieve this, F(ab') 2 fragments are pre- 
pared. The disulphide bond in the constant region is se- 55 
lectively reduced and the free SH groups are used to 
immobilize the F(ab') fragments in a directed manner, i. 
e. the binding site pointing towards the liquid phase. This 



procedure ensures maximal packing of binding domains 
on the chip surface. 

III. Optimization of assay parameters for the detection 
of PrP in brain homogenates 

The antibody 6H4 recognizes also mouse PrP This 
particular feature allows to control for the specificity of 
the system by using mouse brain homogenates from ei- 
ther wild type or PRP 0 ' 0 . Brain homogenates from either 
type are prepared under different conditions. The follow- 
ing buffers are used: 0.25 M sucrose, 20 mM HEPES: 
pH 7.0 or Sucrose/HEPES buffer containing in addition 
2% N-lauryl sarcosine, 1 5 mM EDTA, 3 mM dithiotheitol. 
Sucrose/HEPES/EDTA buffer in combination with the 
following detergents were tested: Triton X-100, octyl 
glucoside and Tween 20 at various concentrations. In 
addition, DNAse was added into the homogenization 
buffer in order to reduce the viscosity due to DNA. These 
experiments showed the best calibration conditions that 
have to be used for an optimal signal to noise ratio. 
Along the same line recombinant PrP was reconstituted 
into PRP 0/0 mouse brain homogenates which allowed 
to directly compare the signal of a specific amount of 
PrP in its pure form and mixed into homogenates. Since 
proteinase K digested brain homogenates were used for 
the detection of PrP BSE recombinant PrP was also re- 
constituted into proteinase K-digested bovine brain ho- 
mogenates which allowed to optimize the detection sys- 
tem for the actual conditions used for the detection of 

p r pBSE 

Example 2 : Building of a biosensor module 

Since PrP BSE only occurs in combination with infec- 
tious particles, it is important to have a mobile biosensor 
module which can be used under biosafety conditions 
P2. A new compact and miniaturized IO sensor module 
was constructed and designed. A schematic drawing of 
such a module is shown in Figure 5. 

The complete module consists of three distinct sub- 
modules. The tasks of the submodules are iffumination 
(i.e. to provide the optical input), signal transduction into 
an on-chip measuring variable and signal evaluation. In 
the sensor module shown in Figure 5, the electrical input 
connector (laser driver) powers a laser diode (CD laser 
diode at 785 nm) for illumination of the sensor chip. A 
fluid handling system (tubings in the back) is used for 
analyte application. The sensor output signal is detected 
using an one-dimensiona! photodiode array. In this ex- 
ample, the electrical output signal is fed into a laptop 
computer (RS232 interface) via the connector to the 
right of the module. 

Example 3 : Detection of PrP BSE 

The functional biosensor module as described 
above was used to test the detection of bovine PrP Sc . 
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Specifically, the chips carrying either immobilized 6H4 
or 15B3 were incubated with proteinase K-digested 
brain homogenates from normal or BSE -sick cattle. 
From Western blotting experiments, it is known that 
about 10-30 % of total PrP in a BSE-infected brain cor- 
respond to PrP BSE . Using the above described proce- 
dures, antibodies immobilized on the chips were incu- 
bated with proteinase K digested brain homogenates. 
No signal was observed in normal brain while specific 
binding was detected in homogenates from BSE-sick 
animals. For antibody 15B3, undigested homogenates 
were used and a signal was detected only in homoge- 
nates from BSE-sick cattle. 

This method was further tested for the detection of 
p r pBSE j n organs other than brain. The exquisite sensi- 
tivity of the biosensor system allowed to detect PrP BSE 
in spinal fluid, lymphoid organs, blood, saliva or urine. 
Since the antibody 6H4 also recognizes mouse and 
sheep PrP, it was also used to test tissues from these 
animals. For sheep, it is known that placenta contains 
infectious material allowing to analyze the presence of 
Prpsc in order to correlate infectivity and occurrence of 
PrP Sc . In the mouse system, various tissues, such as 
spleen or intestine, are known to contain PrP Sc (Kitamo- 
to, 1989). These experiments allowed to detect the 
amount of PrP BSE in various tissues and therefore allow 
also to estimate indirectly whether they may contain in- 
fectious substances. 

The following description details the preferred pro- 
cedure to achieve suppression of non-specific binding 
(figure 2.b). The signal generated by specific interaction 
of the ligand binding molecule (e.g. anti-prion antibody) 
with the analyte PrP in real fluids can be as small as 8 
to 20% of the signal produced by constituents of the real 
fluid. These latter constituents interact non-specifically 
with the engineered or pristine surface and thus, gener- 
ates a sensor response. Suppression of such non-spe- 
cific binding is achieved by including molecular compo- 
nents in the mixture used for surface engineering. Mol- 
ecules added to the mixture used for surface bioengi- 
neering and photobonding include polyethylene glycol 
(PEG), amino-PEG, carboxy-PEG, polycarbohydrates 
(dextran, inulin), phospho-rylcholine containing poly- 
mers, selected components of the real fluid and mix- 
tures thereof, fractions of complete control serum or ho- 
mogenate not containing the analyte. In general terms, 
any molecular species effective in the suppression of 
non-specific binding is mixed with the analyte-binding 
molecule and the photolinker polymer. Then the mixture 
is spread on the transducer surface and photobonded. 
For the detection of recombinant PrP in a non real fluid, 
the preferred components used for surface engineering 
include T-BSA (65% w/w), PEG (10% w/w) and mono- 
clonal anti-PrP (25% w/w). For the detection of PrP in 
mouse brain homogenate, the preferred composition in- 
cludes monoclonal anti-PrP 15B3 (12% w/w), T-BSA 
(58% w/w), PEG (12% w/w), carboxy PEG (8% w/w) and 
mouse brain homogenate (10% w/w added as solution). 



The brain homogenate included for surface engineering 
is taken from transgenic 0/0 mice, which do not produce 
PrP. neither cellular nor infectious forms. For each ana- 
lyte the composition of the mixture used for surface en- 
5 gineering needs optimisation with respect to amount 
and type of constituents. 

Example 4 • Detection and purification of a PrP 
receptor 

to 

The biosensor system offers the invaluable advan- 
tage to visualize interactions of an immobilized protein 
(which would be PrP) with a ligand under nonderiaturing 
conditions. This is exemplified by the interaction of PrP 

'5 with the mAB 6H4 (see above Figure 3). As described 
in the introduction, several intracellular ligands have 
been characterized, however, their role in the normal 
function of PrP or in disease is not clear. From the cell 
surface location of PrP as well as other indirect evidence 

20 it is supposed that a PrP receptor should exist. Recom- 
binant mouse PrP immobilized on a biosensor chip was 
incubated with membrane fractions from mouse brain. 
Membranes were prepared on a sucrose gradient as de- 
scribed (Oesch, 1994). In those experiments a 120 kDa 

25 PrP ligand was detected in membrane fractions. In order 
to analyze the specificity of interaction, it was blocked 
by the addition of monoclonal antibodies. Both mAB 6H4 
and 34C9 recognize the region proposed to be involved 
in an interaction between PrP molecules. Membranes 

30 from PRP 0/0 mice served as control, as it was known 
that the interaction of a membrane fraction with immo- 
bilized PrP was indeed due to PrP° (also found in mem- 
branes). 

35 

Claims 

1. An optical sensor unit for the specific detection, 
identification or accumulation of chemicals or bio- 

40 molecules in an analyte, based on an integrated op- 
tical light pointer consisting of a laser light source, 
an optical detection module, and an integrated op- 
tical transducer chip whereon at least a layer of 
sensing biomolecules is bonded and whereby 

^5 biospecific molecular interactions are identified by 
registration of changes in the effective refractive in- 
dex. 

2. An optical sensor unit according to claim 1 , which 
so comprises further a fluid handling system and a 

computer. 

3. An optical sensor unit according to claim 1 , in which 
the integrated optical transducer chip is of the smart 

55 planar optical transducer type. 

4. An optical sensor unit according to claim 1 , in which 
the transducer chip is of disposable nature. 
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5. An optical sensor unit according to claim 1 . in which 
the optical transducer chip is made of a glass or or- 
ganic polymer substrate (e.g. polycarbonate), is 
coated with at least one hard dielectric layer to form 

a waveguide and is covered with a layer of sensing s 
biomolecules. 

6. An optical sensor unit according to claim 5. in which 
the hard dielectric film is selected among silicon ni- 
tride, titanium dioxide, mixtures of silicon dioxide *<> 
and titanium dioxide, Zr0 2 , Hf0 2 , Nb 2 0 5 and Ta 2 0 s . 

7. An optical sensor unit according to claim 5. in which 
the layer of sensing biomolecules is covalently im- 
mobilized on the surface of the waveguiding layer is 
by a method chosen among chemical surface graft- 
ing and photochemical immobilization. 

8. An optical unit according to claim 5, in which the 
layer of sensing biomolecules is immobilized on the 20 
suriace of the waveguiding layer by Langmuir-Blod- 
gett techniques. 

9. An optical unit according to claim 5, in which the 
layer of sensing biomolecules is passively ab- 25 
sorbed on the waveguiding layer. 



10. An optical sensor unit according to claims 7-9, in 
which the layer of sensing biomolecules is immobi- 
lized in a patterned fashion on individual areas by 30 
mask-assisted, mask-free patterning microstamp- 

ing or microprinting procedures resulting in biosen- 
sor arrays. 

11. An optical sensor unit according to claim 10, in 35 
which the immobilisation of the sensing biomole- 
cules is further achieved by photoimmobilisation. 

1 2. An optical sensor unit according to claim 6, in which 

the layer of sensing biomolecules is immobilized on 40 
individual areas by laser addressed covalent bind- 
ing. 

13. An optical sensor unit according to claim 12, in 
which the sensing biomolecules immobilized on in- 4 s 
dividual sensing areas are different from each other. 

14. An optical sensor unit according to claims 1-13 in 
which the sensing areas on the integrated optical 
transducer chip are arranged in vertical and hori- so 
zontal rows. 

15. An optical sensor unit according to claims 1 to 12, 
in which the integrated optical transducer chip is a 
disc and the sensing areas are aligned in one or ss 
several concentric circles or in a spiral arrange- 
ment. 



16. An optical sensor unit according to claims 1 to 15, 
in which the immobilized sensing biomolecules are 
monoclonal or polyclonal antibodies, proteins or 
peptides thereof, agglutinins, lectins, polycarbohy- 
drates. receptor proteins, tow molecular weight 
haptens, nucleic acids. 

17. An optica! sensor unit according to claims 1 to 16, 
in which the sensing biomolecules are immobilized 
individually or as mixtures on distinct sensor areas 
to establish gradient patterns. 

18. An optical sensor unit according to claims 1 to 17, 
in which the sensing biomolecules are antibodies 
which recognize prions. 

19. An optical sensor unit according to claims 1 to 18, 
in which the integrated optical transducer surface 
contains recombinant, normal or disease-specific 
prion proteins. 

20. An optical sensor unit according to claims 1 to 19, 
in which the surface of the integrated optical trans- 
ducer is grafted with lipids, forming lipid biiayer sur- 
faces, serving as membrane mimetic system for the 
integration of membrane receptor proteins. 

21. A procedure for the use of an optical sensor unit 
according to claims 1 to 20, in which the signal is 
enhanced by enriching the analyte on the chip in a 
first step by binding to immobilized sensing biomol- 
ecules according to claims 1 6 to 20, and in a second 
step detected by binding to an other sensing bio- 
molecule. 

22. A procedure according to claims 1 to 21, in which 
the analyte is detected by comptexing to an addi- 
tional biomolecule in solution prior to the binding to 
the integrated optical chip. 

23. A procedure according to claims 1 to 22, where the 
proper functioning of the integrated optical trans- 
ducer is verified in situ. 

24. A procedure according to claims 1 to 23, where the 
verification is performed before and after the meas- 
urement by means of varying the angle of inci- 
dence. 

25. A procedure according to claims 1 to 24, where the 
verification is performed before and after the meas- 
urement by means of varying the wavelength of the 
light. 

26. Applications utilizing the procedures according to 
claims 21 to 25 to identify the analytes which inter- 
act with immobilized sensing biomolecules after in- 
cubation with samples consisting of constituted flu- 
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ids. body fluids, homogenates or extracts of tissue 
specimen. 

27. Applications utilizing the procedures according to 
claims 21 to 25 to identify novel ligands to the bio- 
molecules immobilized on the chip. 

28. Applications utilizing the procedures according to 
claims 21 to 25 to simplify the detection of immuno- 
logical responses or antigens specific for infectious 
diseases such as BSE, HIV, CJD. Hepatitis B, trop- 
ical diseases, toxic substances and drugs. 

29. Applications using the procedures according to 
claims 21 to 25, where as a result of a specific re- 
action on the chip, the signal from the optical trans- 
ducer is detected by a sensor resulting in a comput- 
able signal that is guided to a processing unit and 
subsequently to an effector system able to regulate, 
to start or to terminate one or more chemical or bi- 
ochemical reactions. 

30. Applications according to claim 29, where the reg- 
ulated reaction is the same that causes the change 
of the output signal derived from the integrated op- 
tical transducer . resulting in a feedback to the re- 
action. 

31. Applications according to claims 29-30, where the 
regulated reaction is repeated several or many 
times, resulting in cycles of reactions. 

32. Applications according to claims 29-31 , where the 
regulated reaction is in another sensor unit. 

33. Applications according to claims 29-32, where sev- 
eral reactions are regulated between each other 
such that they follow a reaction chain, a reaction cir- 
cle or other dependent reactions. 

34. Applications according to claims 29-33, where the 
effector signal is a digital computable signal 

35. Applications according to claims 29-34, where one 
or more computable sensor signals are electroni- 
cally processed by a computer such that the biosen- 
sor system is used as an interface between biolog- 
ical and electronical information. 

36. Applications according to claims 29-35, where in a 
central processing unit input of biosensor systems 
is computed with other sensor systems of other mo- 
dalities. 

37. Applications according to claims 29-36, where after 
computing with particular software specific output 
results able to regulate specific reactions on biosen- 
sor systems. 



38. Applications according to claims 29-37, where the 
effector system is a fluid handling system. 
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